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FOREWORD

This report was prepared by Materials Engineering Branch,
Materials Support Division, Air Force Materials Laboratory
under Project 7381, '"Materials Applications,’ Task 738106,
"Engineering and Design Data' with Philip A. House acting as
project engineer.

The testing described herein was performed from August 1968
to April 1970, by the Dayton Laboratory of Monsanto Research
Corporation under Contract F33615-69-C-1190.

It has been deemed advisable to code all these materials
to protect the proprietary rights of the manufacturers. The
manufacturers have been informed of the identity of their
own products. A code sheet giving the identity of the
materials has been published as Supplement 1 to this report,
Supplement 1 is available only to U. S. Government personnel
and is "For Official Use Only." Copies of Supplement 1 can
be obtained from AFML (LAE), Wright-Patterson AFB, Ohio 45433.

This technical report has been reviewed and is approved.

2t T (D Lerdet-

ALBERT OLEVITCH, Chief
Materials Engineering Branch
Materials Support Division
Air Force Materials Laboratory
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ABSTRACT

This-report describes an extensive evaluation of elastomeric potting compounds for
their ability to withstand long term exposure to high temperature and humidities. This work
was. initiated as a result of the reversion of potting compounds in the electrical connectors
on the I'-4 in which the compounds softened and liquefied, Materials tested included poly-
urethanes, epoxies, silicones and polysulfides. Coatings and tubing were tested in addition
tothe potting compounds, This effort involved the establishment of more severe humidity-
temperature tests-than were previously used in military specifications. The results of
testing many specification and non-gpecification compounds to the more severe conditions

are included,

iii

o
i

Dl

B e T s7 g e Ak

"oy

M A\ b B

S hbaS s

~
Ab

AN
;

‘ »
IAGES VT R N




AFML<TR=70-105.

, , _ , TABLE OF ‘CONTENTS
SECTION PAGE

I INTRODUCTION 1
3 11 SELECTIONOF MATERIALS 9
f I~ TEST PROCEDURES 3
f 1v TEST RESULTS 5
5 A. Poljurethanes ' 5
B. Polymer B 7

| C Epoxies 7
D. silicones 10

E. Polysulfides 11

F. Miscellaneous 12

| v CONCLUSIONS . 13
: A, Polyurethanes 13
B. Polymer B 13
j C. Epoxies 14
‘ D. silicones 14
; E. Polysulfides 14
VI FUTURE WORK 15
APPENDIX 17
' Figures 1 - 25 18
Tables I - LXXX 25

Vs re et MR A




ey

SR

R L i

T R

AFML-TR~-70-105

SECTION 1

INTRODUCTION

During mid-1968 the humidity resistance of electrical potting compounds became one of
the most important materials problems faced by the Air Force. It was foand thai £he potting
compound 1sed to encapsulate or pot comwctors, relays, and switches on the F-4 aircraft
was turning into a liquid and fiowing, The racterial was dripping out of its shells and creafing
a gooey, sticky mess besides leaving electrical components unprotected,

Figure 1 showrs a cennector prior to potting; Figure 2 shows a connecior after potting.
The potting compound is usually a two-part flowable raasierial which is poured into the potting
meold (connector shelly and is then cured to an elastomer, Some materials cure at room tem-
perature but heat cvres such as 6 hours at 180°F are also used. The purpose of the potting
compound is to seal vws dirt and moisture, to provide support of the wires, and to protect

against wire ir ..kage Jaring vibration. The material is also used for potiing of relays and
switches,

The mater "2l in question was a polyester polyurethane, This material is very susceptible
to degradation vy high humidity., Upon exposure {0 humidity the material starts to soften or
revert, eventually becoming a liquid. Figures 3 and 4 shows ewitches potted with this ma-
terial. In Figure 3, the potting compound, although soft, is still in place. The pciting com~
pound in Figure 4 has been easily deformed and is almost ready to liquefy. Figure 5 shows
a relay where the polyester polyurethane has become liquid and flowed. The parts shown in
Figures 3. 4, and 5 are approximsately 10 years old and were never out of the warehouse, They
were stored at Defense Electronics Supply Center, Dayton, Ohio, Thess are not isolated cases
as many other parts in a similar condition were found on the warehouse shelves.

Figures 8, 7, and 8 show actual cases of reversion of potting compound in airciaft,
Notice the way the potting compound has run all over various parts thus presenting a diffi-

cult clean-up problem. Also, notice in Figure 8, the difficult access to some of the affected
parts,

The polyester polyurethane was used in the F-4 during the 1961-1965 time period. From
1965 to 1968, Polymer B was used, Polymer B is 3 to 4 times better than the polyester poly-
urethane that was used in resisting degradation by humidity but it also is subject to reversion
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and has reverted in service. As yet, all cases of reversion of Polymer B has been caused
bv improperiy mixed material but properly mixed Polymer P will revert under hot, humid
conditions.

These reverting potting compounds created a necessity to evaluate all potting compounds
for resistance to humidity, Particular atiention had to be given to polyurethanes but the re-
version of other materials such as polysulfides, silicones, and epoxies was also possible.

A progrum was, therefore, initiated to evaluate all candidate potting materials,

SECTION II

SELECTION OF MATERIALS

A survey was taken of Air Force systems to identify the potting compounds being used.
Many of these were materials conforming to military specifications but there were also many
proprietary compounds. Special attention was paid to polyurethanes of the polyester type.
There were really very few of this type material being used but all polyester materials that
were judged to be suspicious were obtained, In addition samples of materials meeting MIL-
S$-8516, MIL-S-8802, MIL~I-16928&, MIL-S-23586, MIL~M~-24041, MIL-I-46058, Type PUR,
MIL-1-81550 and MIL-S-81732 were obtained. Most materials were evaluated as potting
compounds, but some such as the MIL-I-46058 materials were evaluated as coatings. Some
polyurethane foams which were identified in the survey were also tested as was a polyester
polyurethane tubing, The tubing did not turn liquid but did embrittle and break up badly,
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SECTION III

TEST PROCEDURES

It was obvious that the humidity resistance tests in existing specifications which usually
are never more than 14 days were not adequate.

A test procedure was devised that would be simple to perform and allow the evaluation
of many materials. The test temperatures were 160°F and 200°F, at 100% Relative Humidity.
These conditions were maintained by keeping a 1-inch layer of water on the bottom of a
desiccator and placing the desiccator in an oven at the desired temperature. Control speci-
mens were maintained at 77°F and 50% RH.

Rigid aluminum electrical conduit with an inside diameter of 1 3/8 inches was cut into
l-inch lengths, The potting compounds were poured into these shells and cured according
to the manufacturer's recommendations. Primers were used on the aluminum shell when
specified, (It should be noted that attempting to determine recommended cure conditiors was
‘n many cases almost impossible. Data sheets and labels on cans are sometimes in conflict.
Many times recommended cure conditions could not be found, This is certainly an area that
potting compound manufacturers can improve, } Usually, nine specimens were prepared for
each compound., Three were used for hardness, three for compression load, and three for
insulation resistance (one at each temperature 77°F, 160°F, and 200°F). After cur‘ng, in-
sulation resistance specimens were prepared by inserting two screws spaced evenly from
the cylinder walls and 3/4-inch from each cther. Figure 9 shows samples that were prepared.
The sample on the left was used for hardness or cciuy ~ession load testing and the one on the
right for insulation resistance. Coating material specimens were prepared by dipceating
aluminun panels and foam specimens were foamed in nlastic beakers,

Originally, three tests were conducted on tle saumples : hardness, compression load,
and insulation resistance. In addition, the samples were eax.vined for adherion to the
aluminum shell, tackiness, and general appearance. Initially, the samples were examined
daily but this was later changed to weekuy inspection. After a material haa been subjected
to humidity for 120 days the test was either stopped or continued depe Jent on the results,
If continued the determinations were made monthly, Not all data points are reported in the
tables in the appendix; only those where the material progerties changed.

Hardness testing was conducted using a Lex Hardness Gauge, Type A for the ziastomeric
materials, A Shore tester could not be used bacause of an interference between the tester and

3
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the aluminum shell, A Rex Hardness Gauge, Type B was vsed for the epoxy materials and
the readings were converted to Rex A, This was not considered to be a good method because
very little change was noted with the epoxies in hardness readings on the 160°F samples,
whereas, the same material reverted at 200°F. Similar testing by another organization using
a Shore D hardness tester showed changes in hardness upoa 160°F exposure.

Compression resistance was measured i determining the load required to compress the
material 10%. This test was discontinued because performance of the test was rather time
consuming and the results were paralleled by the change in hardness. Also, the changes in

specimen height due to swelling or contraction of the test specimen made it difficult to per-
form the test without error,

Insulation resistance tests were conducted in accordance with Method 302 of MIL-STD-
202.
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SECTION 1V

TEST RESULTS

A, POLYURETHANES

An extensive number of polyurethane based materials were evaluated because a poly-
urethane mazerial was reverting in the F-4 aircraft. A total of 27 such materials were
evaluated, These were maiuly potting compounds but there were also polyurethane coatings,
foams, and tubing included. The military specifications involved were MIL-M-24041 for
polyether polyurethane potting compounds and MIL-[-46058, Type PUR for polyurethane
printed circuit coatings. Most of the other materials including the foams and the tubing were
identified in the survey of Air Force Systems.

Compounds U-1 and U~2 were the only polyester polyurethane potting compounds identified.
These materials were, by far, worse than any other potting compounds evaluated (Tables I
and II). Note that in only 4 days at 200°F or 18 days at 160°F, Compound U-1 had fallen to O
hardness, Figure 10 shows the condition of U-2 after 29 days at 160°F and 100% RH. Other
have shown that U-1 will soften to a hardness of 20 in 190 days at 150°F with a humidity of
18%. A coudition of 150°F anrd 18% could probably be obtained every day in closed compart-
ments in aircraft in Southeast Asia, Compound U-1 would be expected to last 2 to & years in
Southeast Asia, U-1 does not revert in anhydrous conditious at 263°F, Compourd U-2 was
used in one military application and the personnel responsible {or that system have been
inforraed.

The next 4 compounds U-3, U-4, U-5, and U-6 are all polyether polyurethanes which
have relationship to MIL-M~249041, U-3 and U-4 are qualified and U-5 and U-6 are being
considered for qualification. Test resuits are shown in Tables III, IV, V, and VI, There
are differences in the performance of these 4 materials but all would meet the requirements
set forth in USAF Interim Amendment 2 to MIL-M-24041. This amendment requires a maxi-
mum loss of 20% in hardness and a minimum insulation resistance of 1X109 ohms after aging
120 days at 160°T and 100% R.H. Compound U-5§ Is certainly borderline in these tests and did
fall below the minimuin allowable insulation resistance during the test, although after 120
days the insulation resistance was exactily the minimum requirement, The cracking and
loss of adhesion was not noted unti) the material was beyond the 120-day test period. Also,
U-5 did not withstand the 200°F aging as well as the other MIL-M-24041 materials. Certainly,
tests onU-5 would have to be repeated before qualifying because of the several borderline
conditions,
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The test condition of 160°F and 100% R, H. was selected rather than the 200°F and 100%
R.H. condition for the Interim Amendment. At 200°F and 100% R. H. the rate of loss in
hardness of all materials including those qualified to MIL-M-24041 was very high. With
such a steep fall-off in hardness it was hardly possible to make a decision as to an allowable
hardness loss. However, at 160°F and 100% R.H. the rate of hardness loss was quite low and
a reasonable choice in hardness loss could be made.

The exposure period, 120 days at 160°F and 100% R, H. is almost 7 times as long as is
required for U-1 to turn liquid and the polyether polyurethanes still had a very reasonable
hardness. Note that U-3 and U-4 have been subjected to this condition in excess of a year,
and a hardness of 61 is still retained. It should also be noted that when these polyether poly-
urethanes went to a zero hardness, they still did not flow as U-1 would under similar con-
ditions. Figure 11 shows compound U-4 after 230 days at 200°F and 100% R, H.

Compounds U-7, U-8, U-9, and U-10 (Tables VII, VIII, IX, and X, respectively) are
also polyether polyurethanes. U-7 is the only polyether polyurethane evaluated that actually
flowed. Figure 12 shows U-7 after 22 days at 200°F and 100% R, H. U-7 lost 50% in hardness
after 120 days at 160°F.

Compound U-11 (Table XI) was described as an ester-ether hybrid. It withstood the
160°F aging well but was not as good as the qualified MIL-M-24041 materials at 200°F,
Some flowing of the material did occur,

Compound U-12 (Table XII) was not identified as either an ether or an ester, It withstood
the humidity much better than any other pol urethane evaluated, No other urethane came close
to the performance of this material at 200°F and 100% R, H, There is some doubt that this ma-
terial will perform in dry heat as well as MIL~M-24041 materials. This is being checked.

Compound U-13 (Table XIII) is a castor oil polyurethane. This material performed quite
well at 160°F, actually becoming harder rather than softer. The material flowed at 200°F.

Compound U-14, U~15 and U~16 (Tables XIV, XV, and XVI, respectively) were various
polyurethanes submitted for evaluation, Their exact type was unknown. Of these, U-14
performed rather well.

Compound U-17, (Table XVII) is a polyurethane proposed for use as an aircraft skin lap
joint sealant, This material reverted rather quickly at 200°F but performed fairly well at
160°F,
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Compounds U-18, U-19, and U-20 (Tables XVIII, XIX and XX, respectively) are poly-
urethane coating materials qualified to MIL-1-46058, Type PUR. All three deteriorated at
200°F, Compounds U-18 and U-19 turned dark, blistered, and chipped off whereas U-20
liquified and flowed. All failed in the 60-80-day time range. Performance at 160°F was
satisfzctory. Compound U-21 (Table XXI) is another coating material which is being used

in an Air Force system. This material performed approximately the same as the other
coatings except for a small spot which flowed at 200°F.

Compound U-22 through U-26 (Tables XXII through XXVI) are polyester polyurethane
foams that are being used in Air Force systems. All deteriorated badly at 200°F but per-

formed well at 160°F. Figure 13 shows U-23 in the original condition and after aging 71 days
at 200°F and 100% R. H.

Compound U-~27 is a polyester polyurethane tubing being used in an Air Force system.
This material did not liquefy but crumbled badly after a relatively short exposure to humidity.
Figure 14 shows the condition of the tubing after 43 days at 160°F and 100% R.H. The person-
nel responsible for the Air Force system which uses this tubing have been notified.

B. POLYMER B

Two formulations, B-1 and B-2 were evaluated (Tables XXVIII and XXIX). The B-1
material reverted in 15 days at 200°F and in 79 days at 160°F. This material was used
extensively for potting in the F-4 subsequent to the use of polyester based polyurethanes.
This material could outlast the life of an aircraft if the environmental conditions in actual
operations were not too severe. The biggest problem with this material on ¥-4 aircraft is,
however, that a very large amount of it was improperly mixed. If not properly prepared the

material would be subject to early reversion. Figure 15 shows B-1 after 93 days at 160°F
and 100% R, H,

Compound B-2 is another material from the same manufacturer which is used in another
Air Force system for faying surface sealing, cabin pressurization, and as an aerodynamic
smoother. All batches that were tested did revert. Figure 16 shows B-2 after 15 days at 200°F
and 100% R.H. The personnel responsible for the aircraft system that uses this material have

been informed,

C. EPOXIES

Compounds E-1 through E~7 are qualified to MIL-I-16923E. As can be seen in Tables
XXX through XXXVI there is considerable difference between materials as to their hydrolytic
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stability. There was very little hardness change at 160°F but as mentioned previously,
the test method used is not considered adequete.

Compound E- 1 (Table XXX) withstood the exposure quite well, It should be noted, how-

ever, that this was a one part material and requires a complicated stepwise curing procedure.

Compound E-2 (Table XXXI) also performed quite well,

Compound E-3 (Table XXXII) performed fairly well but the insulation resistance was
reduced. This reduction was fairly rapid at 200°F but did not become significant until almost
200 days at 160°F had elapsed. The material based on these results, should be considered
acceptable.

Compound E -4 (Table XXXIII) performed well at 160°F but did revert at 200°F. There is
uncertainty about these materials because of the problem with not recording any appreciable
hardness change at 160°F. Tests on these materials are being repeated and a Shore D
durometer will be used.

Compound E-5 (Table XXXIV) reverted at 200°F and also showed a significant loss in
hardness at 160°F. Also, the insulation resistance was reduced considerably at both 160°
and 200°F. Figure 17 shows E-5 after aging 60 days at 200°F and 100% R.H. The outer sur-
face of this material remained intact while the center or core reverted.

Compound E-6 (Table XXXV) performed similarly to E-4 in that there was reversion at
200°F but the material showed little hardness change at 160°F. Figure 18 shows E-6 reverted
after 57 days at 200°F and 100% R.H.

Compound E-~7 (Table XXXVI) is another material which reverted at 200°F but did not
show much change in hardness until beyond 120 days. It is unfortunate that the test was not
continued further on this material because it may have performed similarly to E-5. Cure
was unknown on this material because the samples were cbtained from an user and the ma-
terial was already cured. Figure 19 shows E-7 after 43 days at 200°F and 100% R.H,

Compound E-8 (T'able XXXVII) is a material that performed about as well at 200°F as it
did at 160°F, For this material (as well as with E -5) the compresc.on load test was a more
sensitive indication of degradation than the hardness test. The insulation resistance did de-
cline, which was also experienced with E-5,

Compounds E-9, E-10 and E-11 are all the same except for changing ratio of base com-
pound to curing agent. Results are shown in Tables XXXVIII, XXXIX, and XL, respectively,
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E-9 is referred to as rigid, E~10 as semirigid, and E-11 as flexible. E~9 maintained reason-
able hardness and insulation resistance values and its final appearance was excellent. E-10
and E-11 did not change significantly in hardness but the insulation resistance of both de-

clined significantly. This is especially true of E-11. Also swelling of both E-~10 and E-11
during exposure did occur,

Compound E~12 (Table XLI) was an unfilled flexible epoxy which showed very little
change in hardness even at 200°F. The insulation resistance did not decline significantly

although it did not start at a very high level, There w sre stress lines visible in the material
and the 160°F samples cracked across the top.

Compounds E-13 through E-16 are specific formulations that were evaluated, Results
are given in Tables XLII through XLV, All of these witkstood the high humidity quite well
with Compounds U~14 and U-16 showing some loss of insulation resistance at 200°F.

Compounds E-17, E-18, and E-19 (Tables XL VI, XLVII, and XLVIII, respectively) are
all epoxy/polyamides and were obtained in the cured condition from the same user source
as Compound E-7. These compounds retained hardness quite well, but the insulation resist-

ance fell to very low levels. There was also swelling of the materials, 10% for E-17 and E-18
and 20% for E-19,

Compounds E~20 and E-21 (Tables XLIX and L) are epoxy/amines received from the

same user, Both compounds retained hardness quite well. Insulation resistance did decrease
but not nearly as much as the epoxy/polyamides.

Compounds E-22 and E-23 (Tables LI and LII) are epoxy/polysulfieds. E-22 was sub-
mitted by the user while E-23 was obtained from the potting compound manufacturer. Both
materials retained reasonable hardness and insulation resistance properties. There was
some flow in the E-22 samples at 200°F but the material hardened upon cooling. E-23 did

not exhibit flow but did swell about 20% at 200°F and did lose adhesion to the shell after 177
days at 160°F.

Compound E~-24 was submitted by the manufacturer in potted connectors and as flat
sheets. Test results are shown in Table LIII, There were insufficient samples to include

an exposure of these at 77°F and 50% R.H, The material did not revert but the hardness
did decrease significantly, especially at 200°F.




 HEDEE AR

oot

AR FINE Y,

i e RSP

A O E e

TR ey B3t

TS . nna
RSPt N Sk e Sy

Lo
Sraciatox fei e

e e e i

o ° v
e s e R M N S LA e e

Rk gty es bt o

AFML-TR-70-105

D. SILICONES

Compound S-1 is qualified to Grade A of MIL-S-23586A. Test results on this material
are shown in Table LIV, Initially the hardness decreased at 200°F. The hardness thereaiter
stayed constant. Insulation resistance remained at an acceptable level.

Compound S-2 is another MIL-S-23596A Grade A material, Test results are shown in
Tabhle LV, This material showed the same initial loss of hardness at 200°F as Compound S-1,
but it then regained its hardness. The most significant degradation was shrinkage and severe
chalking. There was more of this degradation at 160°F than at 200°F. Figure 20 shows S-2
after 177 days at 160°F and 100% R.H. Note the puliing away from the shell. Although it can-

not be seen in the photograph, the surface is severely chalked, This material did not per-
form as well in the insulation resistance test as did S~1.

Compounds S-3 and S-4 (Tables LVI and L'VII) are qualified to MIL-5-23586A Grade B.
Both these materials performed quite well under the high humidity testing at both tempera~

tures. Compound S-4 is subject to cure inhibition on the surface when exposed to amines,
sulfur, and crgano-metallic materials,

Compound S-5 and $-6 (Tables LVIII and LIX) are qualified to MIL-I-81550A which

covers transparent silicones. Both of these materials were uneffected by the aging except
for some darkening.

Compound S~7 (Table LX) was formulated to meet MIL-S~81732(AS), This specification
covers a low viscosity, high strength silicone for potting applications, Compound S-7 per-
formed quite well in these tests showing little change in hardness and insulation resistance.
Compound S-8 {(Table LXI) is a very similar material to S-7 except that S-8 is higher

viscosity. S-8 also performed quite well, S-7 and S-8 are subject to the same cure inhibi-
tion as is compound S-4,

Compounds S-9 through S-12 (Tables LXII through LXV) are one-part silicones formu-
lated to meet the proposed draft of MIL-A-46106A dated 30 September 1969. The individual
types and classes are shown on the respective tables. These materizis were evaluated in the
form of coatings approximately 1/8-inch thick on aluminum panels. Compounds S-9 and S-11
which liberate acetic acid upon curing showed softening at 200°F but were otherwise satis-
factory. S~10 and S-12 which are usable in the presence of copper withstood the aging quite
well with only slight loss of hardness in S-12,

10
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Compound $-13 (Table LXVI) is a silicone that has been used extensively in Air Force
systems. This material performed quite well in the humidity tests.

Compound S-14 (Table LXVII) was a silicone proposed for qualification to MIL-S-23586A
Grade A. At 200°F the material initially softened similar to S-1 and S-2, but then hardened.
After 120 days at 200°F the material shrunk to 2/3 of its original size. This material did lose
considerable hardness at 160°F when compared to other silicones.

Compound S-15 (Table LXVIII) is a fluorosilicone. This particular materiai was too
viscous for a potting compound but it was desirable to know about its humidity resistance.
Such a material properly formulated for viscosity should be usable as a high temperature,
fuel resistant potting compound. The material performed quite well.

E, POLYSULFIDES

Compound T-1 (Table LXIX) is a polysulfide qualified to MIL-S-8516C. This material
withstands the huiaidity testing at 160°F quite well even though som> shrinkage was seen,
The material plistered at 200°F and 100% R.H, Figure 21 shows this material after 26 days
at 200°F and 100% R.H. Note that the material has blistered severely. The sealant on the left
has been cut cff the top of the shell. Various conditions of cure were tried but none of them
were effective in eliminating the blistering., This blistering dces not occur at 200°F under dry
heat, Despite the blistering at 200°F, the insulation resistance stayed at an acceptable level
through 120 days.

Compounds T--2 and T-3 (T'ables LXX and LXXI) are polysulfides formulated to meet
MIL-S-8516 but with reduced viscosity (about 300 poises). The original insulation resistance
on these materials is lower than T-1, The effect of humidity testing on T-2 and T -3 was ap-
proximately the same as on T-1. There was no indication of reversion; the 160°F samples
exhibited shrinkage; the 200°F samples blistered, The hardness values shown for T-1 and T'-2
at 200°F should not be considered absolute since the material was blistered,

Compounde T-4 and T-5 (Tables LXXII and LXXIII} are fuel tank sealants qualified to
MIL-S-8802D. As formulated they were too viscous for potting but they were evaluated to
determine reversion characteristics and thus determine their potential for use as a 250°F
fuel resistant potting compound. Neither material had very high initial insulation resistance
but both aged quite well.

Compound T-6 (Table LXYIV) was submitted as a potential high temperature fuel resist-
ant potting compound. The material started flowing during the first day at 200°F. There was

11
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also some flow at 160°F. The material was not tacky as was the case with the reverting
polyurethanes. Figure 22 shows this material after 58 days at 200°F and 100% R. H.

iz botoniil . CARM R izé'?;-:;;‘x‘?::,
.

Compound T-7 (Table LXXV) is a high temperature polysulfide fuel {aniz sealant and
cabin pressurization sealant. It has been proposed as a substitute for & :material that reverts.
As can be seen the material performed quite well,

7 oonat Sy

Compound T~8 (Table LXXVI) was submitted as a low viscosity potting compound. The
insulation resistance was initially low and the material did not perform well at either 160°
or 200°F, The 160°F samples went to a O hardness but did not flow. The 20(°F sainples be-
came sticky andfl ed. Figure 23 shows T-8 after 2 days at 200°F and 100% R. H, o

F, MISCELLANEOUS FORMULATIONS 2

There were four materials which were "one of a kind. " These were mostly identified
during the survey of Air Force systems. Since they are only one of a kind, as far as this :
work is concerned, they are categorized herein as miscellaneous. " {

Compound M-1 (Table LXXVII) was identified as a polyester/styrene. This material
shrunk and cracked during cure. Hardness remained approximately constant during aging.
The insulation resistance declined at both 160°F and 200°F. The 200°F insuiation resistance
samples cracked and fell apert after 29 days. Figure 24 shows M-1 after 41 days at 200°F
and 160% R, H.

Compound M-2 (Table LXXVIIT) was a wax, This material performed quite well at 150°F,
The wax became soft at 200°F but did not start to flow until after 29 days exposure, The
samples did not completely flow until 78 days had elapsed. Figure #5 shows the M-2 insula-
tion resistance sample after 55 days at 200°F and 100% R. H.

Compound M-3 (Table LXXIX) is a clear vinyl which was evaluated as a coating, Other
than darkening, the samples performed very well,

Compound M-4 (Table LXXX) is a polybutadiene. This material performed well.
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SECTION V

CONCLUSIONS

A, POLYURETHANES

All polyurethanes that are used by the Air Force are suspect and must be tested for
resistance to humidity. ALl specifications for these compounds should contain a severe
humidity-high temperatuvz test, Certainly, the polyurethanes most susceptible to hydrolytic
instability are polyester polyurethanes which are exemplified by Compounds U-1, U-2, and
U-27. This does not mean that polyester polyurethanes cannot be use . - their use must be
limited. There may be applications where polyester polyurethanes because of their high
strength and fuel and oil resistance are the only materials that can be used. The fire and
explosion suppressant foam used in aircraft fuel tanks is a polyester polyurethane and is
potentially subject to deterioration by water, When degraded by water the material crumbles
(same as U-27) rather than turning to a liquid, The foam is being watched closely to make
certain there is no problem in service and as yet there is no indication of a problem. Of
course, there is a considerably different environment for a fuel tank foam than there is for
a potting compound. Water would only bhe present in the sump areas and high humidity at
the top of the tank, The fuel being present results in much lower temperatures of the fuam.

Most polysther polyurethanes are satisfactory for use, as far as resistance to humidity
is concerned. The MIL~M-24041 materials will withstand very long term humidity aging at
160°F. There is deterioration at 200°% in high humidity, Some polyether polyurethanes, such
as U-7 are questionable because there is a gradual loss of hardness at 160°F and rather
rapid reversion at 200°F.

As stated in the discussion of test results, an Interim Amendment tc MIL-M-24041 was
issued by the Air Force which incorporated & humidity resistance test, exposure at 160°F
and 100% R.H, for 120 days, After this time the material shall not exhibit tackiness, chalking,

blistering, cracking or loss of adhesion, Y.oss of hardness shall not exceed 20% and the insu-
lation resistance shall not be less than 1Xi 09 ohms,

The MIL-1-46058 Type PUR coatings appear fo be satisfactory because of excellent
performance at 160°F. There should be a long term humidity test added to this specification.

B. POLYMER B

B-1is 3 {o 4 times better than U-1 for humidity resistance, however, an AFML sponsored
program at Weber State College showed that approximately 8 years service life is all that can

13
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be expected from B-1 when used in such areas as Southeast Asia and Panama. The manu-
facturer considers the identity of Polymer B as proprietary.

C. EPOXIES

Results on the ¢poxies are inconclusive, Some have been found that will revert at 200°F.

The hardness testing at 160°F was inconclusive because there was go litile change even though

there was reversion at 200°F. Alsc, not all of the MIL-I-18223 qualified materials were
evaluated. There could be some that are quite susceptible to deterioration by high humidity.
Another evaluation of MIL-I-16923 materials is underway., These materials will be subjected
to 160°F and 200°F, both at 95% R.H. for a period of 148 days. Hardness and voiume resist-
ivity will be tested, A Shore D durometer will be used. These tests will be completed in the
fall of 1970 and an Air Force Interim Amendment and Interim Qualified Products List will
be issued after that time. It is expected that the test requirements in the Amendment will be

a maximum, allowable hardness loss of 20% and a minimum volume resistivity of J.Xlo8 ohm-

cm after aging 120 days at 160°F and 95% R.H. These requirements are not firm and could be
influenced by test results obtained. It may be necessary to have 2 classes of materials with
different levels of humidity resistance.

D, SILICONES

Most silicones evaluated withstood the aging quite well. None of the materials reverted,
Two materials, S -2 and S-14, shrunk badly and S-2 clalked badly. The Department of the
Navy has issued MIL-S-0023586B{AS) which requires a minimum loss of hardness of 5 points
and a minimum volume resistivity of 1XlOlo ohm-cm after aging 28 days at 200°F and 95%
R.H, Testing is now underway and the allowable loss of hardness will probably have to be
increased or all MIL-S-235386 Grade A materials will be eliminated, The actual test con-
ditions and test requirements are yet to be defined pending Navy test results.

E. POLYSULFIDES

MIL-S-8516 polysulfides withstood the aging at 160°F quite well. There was excessive
blistering at 200°F and 1¢ R, Y. aad this could not be eliminated by employing various
cure cycles. The MIL-S-8802D polysulfides showed little physical deterioration but the
original insulation resistance was low. The Department of the Navy has issued MIL-S-
008516D(AS) which requires a hardness change of -5, +15 and a minimum insulation resist-
ance of 8000 megohms after aging 120 days at 160°F and 95% R.H. It appears these test con-
ditions and require ments are adejuate but final decigions are pending Navy test results,

14
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SECTION VI
FUTURE WORK

Future work should be directud toward the following:

A, Finalizing humidity resistance tests in existing military potting compound specifi-
cations, Additional work could be spent on reducing the long term aging (220 days) by re-
placing the hardness test by some test such as tensile strength after a shorter exposure
time. This would require further test work to establish correlation between 120 days aging
and shorter period aging.

B. Preparation of a new military spectiication for polyurethanes with improved humidity
resistance such as Compound U-12. The dr+ heat aging properties of this material will have
to be further estabiighed.

C. A silicone potting compound completely recistant to reversion by heat in confined
areas and by high humidity and which is not subject to surface cure inhibition is needed.
Such a material should have high strength and have an initial mixed viscosity of not more
than 300 poises. Specification MIL-S-81732(AS) generally describes such a material except
for the cure inhibition problem.

D, A polysulfide potting compound usable up to 250°F dry heat is needed for future air-
craft. Such a material should have a maximum mixed viscosity of 300 poises and should have
as high a nonvolatile content as possible to keep shrinkags to a minimum,
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APPENDIX

FIGURES 1 TO 25
& AND
' TABLES I TO LXXX
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T D e AR

Figure 1. Connector Ready for Potting Figure 2, Potted Connector

Figure 3. Switch with Potting Compound Figure 4. Switch with Potting Compound
in Place Deformed and Almost Ready
to Flow
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Figure 5, Relay, Potting Compound has Figure 6. Relays with Reverted Potting
Liquefied and Flowed Compound

Figure 7. More Relays with Reverted Figure 8, Potting Compound Has Reverted
Potting Compound and Dripped Onto Duct
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Figure 13. Original Compound U-£3,71

Figure 14, Compound U-~27,43 Days/160°F/
Days/200°F/100% R. H. 100% R. H,
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Figure 15. Compound B-1,93 Days/160°F/ Figure 16. Compound B-2,15 Days/200°F/
100% R. H. 200°F/100% R.H,
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Compound E-6,57 Days/200°F/
100% R. H,

Figure 18,

Compound E-5,60 Days/200°F/

100% R.H.

]

Figure 17.

Compound $-2,177 Days/

160°F/100% R. H.

Figure 20,

Figure 13, Compound E-7,43 Days/200°F/
100% R.H.
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Figure 21. Compound T-1,26 Days/200°F/ Figure 22, Compound T-6,58 Days/200°F/
100% R. H, 160% R. H.

Figure 23. Compound T-~8,22 Days/200°F/ Figure 24, Compound M-~1,41 Days/200°F/
100% R. H. 100% R. H.
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